The outdoor use of digital tools such as AR is anticipated, but there is a problem that the content is hard to see when a normal PC display is used. In this study, to clarify the reason for this, luminance, the contrast ratio, and the viewing angle of a display designed for outdoor use were measured according to each step of 16 luminance settings in a darkroom and outdoors. Two methods of obtaining stable data of display luminance were considered, namely construction of a pilot machine which can make artificial lighting with stable environment and a computer simulation. Tomohiro FUKUDA� � � �1 � The outdoor use of digital tools such as AR is anticipated, but there is a problem that the content is hard to see when a normal PC display is used. In this study, to clarify the reason for this, luminance, the contrast ratio, and the viewing angle of a display designed for outdoor use were measured according to each step of 16 luminance settings in a darkroom and outdoors. Two methods of obtaining stable data of display luminance were considered, namely construction of a pilot machine which can make artificial lighting with stable environment and a computer simulation.
Introduction
Digital tools for multi-media purposes including AR (Augmented Reality) or MR (Mixed Reality) are expected to be widely used outdoors. Many papers have reported on digital tools used outdoors 1) 2) 3) 4) 5) 6) . However, in general, the medium of paper is used in design studies and by tour guides due to the various problems that digital tools have. In this study, among the various problems affecting digital tools, the problem of the display is targeted. In general, the display is not easy to see outdoors due to the influence of outside light ( Figure 1 ).
Digital tools used outside by individuals, such as cellular phones, PDAs
or HMDs (Head Mounted Displays), were not the target of this study.
Instead the focus was on digital tools with which a number of people can share information. It is also not suitable to use a projector instead of a display because in this research it is assumed that digital tools would be used while moving around outdoors. The papers presented so far have described the feature development of the digital tools but have not considered the problem of ease of viewing the display outdoors.
To solve the problem that the display is not easy to see outdoors is a major goal, and one approach is to manufacture a bright display where contents can be seen outdoors. Another approach is to explore the reasons that the screen contents are not seen easily outdoors, and to collect basic data which is lacking for the study of how to improvement the display. In the presented paper 7) , a problem of the developed MR system was shown, namely that the display is hard to see outdoors because of the influence of the outside light. To grasp the problem quantitatively, three displays were measured. In the other presented paper 8) , five displays were assessed by using a luminance meter, and three aspects, namely luminance, the contrast ratio, and the viewing angle of each display were measured in a darkroom and outdoors. To decrease the various factors affecting luminance measurement outdoors, the illuminance change outdoors, the influence of sunlight, and the influence of the ambient environment were considered.
However, these were preliminary studies and further research to obtain data more stably is needed. A function to change the brightness of the display is usually available in note PCs. Can the aspect that ambient light outdoors influences the display be understood by measuring the ambient contrast corresponding to the degree of change in the brightness of the display by using a note PC? No study on the change in brightness has yet been reported considering the degree of change in the brightness of the display.
This research aimed at the collection of basic data concerning the brightness of the display in the darkroom and outdoors. The research method was as follows. First of all, three aspects of the display used for evaluation were described. Next, the display of a note PC 9) for which use outdoors is assumed was measured. The brightness of the PC display could be adjusted in 16 steps, and each of these was set and the brightness was then measured in the darkroom and outdoors. Moreover, two methods of obtaining stable data of display luminance including the ambient environment were considered.
Display evaluation aspects
This chapter describes the evaluation aspects of the brightness of the display used by this research. The brightness of a display is expressed with a luminance and a contrast ratio. In addition, a viewing angle that assumes about ten people can see the display is set.
Luminance is a photometric measure of the luminous intensity per unit area of light travelling in a given direction. Where F is the luminous flux or luminous power (lm), � is the angle between the surface normal and the specified direction, A is the area of the surface (m 2 ), and � is the solid 
The contrast ratio is the luminosity ratio of the maximum luminosity To grasp the characteristics of the display for outdoor use, luminance L was measured in the darkroom and outdoors. The contrast ratio CR and the viewing angle VA were calculated based on the measured luminosity value. Display manufacturers usually provide the dark room contrast ratio CR d as the standard value, which is a contrast ratio usually measured in a dark room where illuminance is 0. However, since it is significantly influenced by outdoor daylight, just the dark room contrast ratio of evaluation of an outdoor display is inadequate. Therefore, it is necessary to measure the ambient contrast ratio CR o , which is a contrast ratio that adds the conditions of fixed outdoor daylight.
Experiment and result

WHOLE IMAGE OF EXPERIMENT
The procedure of the experiment is shown below:
1. The display, the luminance meter, and the illuminance meter were set up in the darkroom and outdoors as shown in Figure 2. 2. The power supply of each device was switched on.
3. Level 1 of the brightness of the display was set.
4. The position in which luminance was measured was set as the front relative to the display. Figure 2 shows the plans of the experiment. The luminance meter used was an LS-100 and the illuminance meter used was a T-10 by Konica Minolta Sensing, inc.
RESULT OF DARKROOM EXPERIMENT
The measurement was carried out five times for each brightness level. The mean value of the value obtained for the five measurements was used for the analysis. When the screen was black, the value of the screen luminance L k on each step indicated from 0.002 to 0.869cd/m 2 as shown in Figure 3 . No value was exactly 0. This is because it is difficult to completely remove the influence of the LED backlight from the screen since it forms a basic part of the principle of operation of the LCD (liquid crystal display). When the screen is white, the value of the screen 
RESULT OF OUTDOOR EXPERIMENT
When experimenting outdoors, where the parameters fluctuated greatly, the experiment was executed according to the following conditions based on the result of the presented research to obtain a more stable value 8) .
1. The change in the illuminance was noted. Outdoors, the influence of sunlight on the display is considerable. Moreover, the experiment takes about two hours. Therefore, the change in sunlight was recorded by measuring the illuminance on the ground.
2. The display was set up with the sun behind it. The influence of direct light of the sun is considerable. Therefore, the display was measured against the light to reduce the influence of the sun.
3. A black fabric was used for the background reflected on the display.
The influence of the ambient environment on the display is large.
Many aspects are reflected in the display when the color in the ambient environment is white. Therefore, a black fabric was used for the ambient environment to reduce reflections on the surface of the display.
(1) Result of illuminance of sunlight on the ground
The illuminance of sunlight on the ground was measured in this experiment. In regard to the experiment time, the illuminance was measured for 1 hour and 50 minutes. Figure 6 clearly shows that illuminance outdoors was not constant. On Nov. 6, the illuminance meter indicated from 67,300 to 72,800lx. On Nov. 7, the illuminance meter indicated from 67,300 to 73,500lx. However, because the experiment day was fine weather, the degree of change of this illuminance was considerably less than that in the presented research 8) .
(2) Result of measurement of display luminance outdoors Figure 7 shows the luminance of each step and the illuminance of the ground. When the display was set to a black screen, the luminance indicated from 320.96 to 343.66cd/m 2 . All the values were considerably higher than that of the darkroom. It is thought that the outside light influenced this. When the display was set to a white screen, the luminance indicated from 373.96 to 1018cd/m 2 with each step. All the values were considerably higher than that of the darkroom. It is thought that the outside light influenced this.
The ambient contrast ratio CR o of all displays indicated from 1.13 to 3.06 as shown in Figure 8 . The viewing angle VA o of all displays indicated from 1.08 to 1.9 as shown in Figure 9 . One of the main goals of this research is to manufacture a display whose contents can be seen outdoors. On the other hand, another goal is to consider how to obtain more stable luminance data on the display outdoors.
Outdoors, the luminance of the display is greatly influenced by sunlight and the ambient environment. It is difficult to obtain a value of constant brightness of the display and an ambient contrast when measuring outdoors because these factors always change.
Methods for stably obtaining the value are as follows. The first is a method of constructing a pilot machine that measures the luminance of the display in the laboratory. This method measures the luminance of the display while irradiating constant outside light to the measured display. 
Conclusion and future work�
The results achieved in the present study are as follows:
�� The outdoor use of digital tools such as AR or MR is anticipated but there is a problem that the screen is hard to see when a normal PC display is used. To clarify the reason for this, luminance, the contrast ratio, and the viewing angle of a display designed for outdoor use were evaluated and measured according to each step of 16 luminance settings in the darkroom to obtain the basic data.
�� To decrease the variation factors outdoors, the display was set up with the sun behind it and black fabric was used for the background reflected on the display. The luminance, the ambient contrast ratio, and the viewing angle of the display were measured outdoors according to each of 16 luminance settings to obtain the basic data.
The change in the illuminance was also noted.
�� Two methods of stably obtaining the values were considered. The first was constructing a pilot machine to measure the ambient luminance of the display in the laboratory. The second was a computer simulation. The features and problems of each method were also described.
Future works are required to verify the method of stably obtaining the values described in Chapter 4 concretely.
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